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ABSTRACT

Objective: To compare surgical outcomes for robotic-
assisted total laparoscopic hysterectomy (RH) to other
minimally invasive hysterectomy (MIH) types, including
total laparoscopic hysterectomy (TLH), laparoscopic-as-
sisted vaginal hysterectomy (LAVH), and vaginal hyster-
ectomy (VH).

Methods: Retrospective cohort study of all patients who
underwent RH or MIH for benign indications between
January 2007 and May 2010 at 2 Henry Ford Health System
teaching hospitals. Age, race, body mass index (BMI),
procedure duration, estimated blood loss (EBL), peri-op-
erative hemoglobin change, uterine weight, length of hos-
pital stay (LOS), and complications were collected from
electronic medical records and were compared between
RH and MIH groups.

Results: Included in the analysis were 135 RH and 162
MIH cases (n � 34 VH, n � 82 LAVH, n � 46 TLH). There
were no differences in age, race, or BMI between groups,
but RH patients had significantly larger uteri (P � .007;
RH, 13.5%�500g; MIH 4.0%�500g). MIH patients had
significantly greater EBL (P � .001) and drop in hemoglo-
bin (P � .02) than RH patients with a 150 mL difference in
median EBL (200 mL versus 50 mL) between groups. RH
had longer procedure durations than MIH (P � .0002)
overall, but not compared to the TLH subgroup. RH pa-
tients had a shorter LOS than MIH patients had (P � .02)
who had a longer LOS for LAVH patients. Although read-

mission and major complication rates were similar in both
groups, minor adverse events occurred more frequently in
the MIH group (21.6%) than the RH group (8.9%) (P �
.003).

Conclusion: RH has comparable surgical outcomes, and
possibly decreased blood loss, shorter length of stay, and
fewer minor complications than other methods of MIH.

Key Words: Robotic surgery, Hysterectomy, Robotic
hysterectomy, Laparoscopic, Laparoscopic hysterec-
tomy, Vaginal hysterectomy, Minimally invasive surgical
procedures.

INTRODUCTION

The benefits of a minimally invasive approach to hyster-
ectomy are well known, including decreased pain, smaller
incisions, less scarring, and faster recovery, discharge
from hospital, and return to normal activities.1,2 In the
past, the choices for route of hysterectomy included only
abdominal or vaginal approaches, the latter regarded by
many to be the original “minimally invasive hysterec-
tomy.” With the addition of laparoscopy, laparoscopic-
assisted vaginal hysterectomy (LAVH) evolved to assist in
dissection of adhesions and identification and treatment of
adnexal pathology. In 1989, the first total laparoscopic
hysterectomy (TLH) was described allowing for the per-
formance of hysterectomy with laparoscopy alone when
the vaginal approach was not optimal.1,2 A 2009 Cochrane
review3 compared outcomes of abdominal, vaginal, and
laparoscopic hysterectomies. The authors concluded that
vaginal hysterectomy should be favored but that laparos-
copy may negate the need for the abdominal route when
the vaginal route alone was not feasible. Thus, the goal is
to approach as many patients as possible with a minimally
invasive technique, while maintaining good outcomes
and low complication rates.

Currently, more than 600,000 hysterectomies are per-
formed annually in the United States.4,5 However despite
the acknowledged advantages of a minimally invasive
approach to hysterectomy, the vast majority of hysterec-
tomies were still performed through laparotomy. The
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route of the hysterectomy is largely determined by sur-
geon preference and experience, rather than patient char-
acteristics or pathology. In April of 2005, the Food and
Drug Administration (FDA) approved the use of the da
Vinci robot for gynecologic surgery.6-8 Its technical advan-
tages include a 3-dimensional view and articulating arms
that offer 7 degrees of movement for precise movements
controlled from a console that gives improved surgeon
comfort.9 These advantages have allowed gynecologists
to more easily extend the performance of laparoscopic
hysterectomy to patients with more complex pathology or
higher BMI.10,11 The disadvantage of its use lies in the cost
of both the robot itself reaching up to 1.5 million dollars,
as well as the robotic instruments that cost approximately
$200 per instrument use. Thus, with the increasing use of
robotic technology, data must be gathered to better define
the role of this new approach to hysterectomy. Large
institutions utilizing this approach must thus analyze and
report their experience.

The objective of this study was to compare the surgical
outcomes and complications of patients undergoing ro-
botic-assisted total laparoscopic hysterectomy (RH) to
those in patients undergoing other minimally invasive
methods of hysterectomy (MIH) including total laparo-
scopic hysterectomy (TLH), laparoscopic-assisted vaginal
hysterectomy (LAVH), and vaginal hysterectomy (VH).

MATERIALS AND METHODS

This study was designed as a retrospective cohort study of
all patients who underwent any form of minimally inva-
sive hysterectomy at 2 Henry Ford Health System hospitals
in the Detroit, Michigan area (Main Campus or West
Bloomfield medical centers) between January 1, 2006 and
May 31, 2010. Both are Wayne State University affiliated
teaching hospitals with the Main Campus including an
inner-city patient population and West Bloomfield includ-
ing a more suburban patient population. There were more
than 30 gynecologic surgeons of varying levels of experi-
ence who performed the procedures over this 4-y period
with the assistance of residents and fellows. Between 2008
and 2010 robotic hysterectomy was introduced and 6
surgeons were trained and began performing the proce-
dure during that time period. The Henry Ford Hospital
Institutional Review Board approved the study. Patients
were identified from the Henry Ford Hospital System
claims database, and data were extracted from the elec-
tronic medical records (EMR). We excluded emergent
hysterectomies, supracervical hysterectomies, hysterecto-
mies performed for malignancy, or hysterectomies per-

formed with concomitant urogynecologic procedures
from the final analysis to try to reduce confounding fac-
tors.

Demographic and outcomes data that was collected in-
cluded age, race, BMI, procedure duration (time from
vaginal instrumentation including placement of the Foley
catheter in RH, TLH, LAVH or speculum placement in VH
till procedure completion, estimated blood loss (EBL),
change between pre- and postoperative hemoglobin,
length of stay (LOS), pathology, and uterine weight. Major
complications were defined as any visceral injury or event
that prolonged hospital stay, caused readmissions, or re-
operation. Minor complications were defined as any pa-
tient complaint that required evaluation or treatment.
Body mass index (kg/m2) (BMI) was calculated from pre-
operative height and weight recorded in the nursing re-
cord.

Comparisons were made between the larger groups of
robotic hysterectomy and minimally invasive hysterec-
tomy. Then comparison was made between robotic hys-
terectomy and the 3 subgroups of minimally invasive
hysterectomy of vaginal, laparoscopic-assisted, and total
laparoscopic hysterectomy. Two investigators reviewed
the EMR and recorded the data in the database. The
principal investigator reviewed every chart with a compli-
cation and every fifth case in the series (20% of the charts)
to ensure consistent and complete data collection for
quality purposes.

Multivariable models were built to assess whether uterine
weight confounded the association between the approach
(RH versus MIH) and the outcomes. Logistic regression
models were used for the binary outcomes of readmis-
sion, any major complication, any minor complication and
whether the LOS was more than one day. Linear regres-
sion models were used to assess the associations for the
outcomes of EBL (log transformed for normality), proce-
dure duration (log transformed for normality) and the
absolute change in hemoglobin. Models were built with
surgical approach as the predictor. We assessed whether
the association with the outcome changed once uterine
weight was added to the model for each outcome. Based
on a change in effect criteria of at least 20%, uterine
weight did not confound any of the observed associations.

RESULTS

For the time period studied, a total of 297 hysterectomies
met inclusion criteria, 135 robotic hysterectomies and 162
nonrobotic minimally invasive hysterectomies (MIH). Pa-
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tient demographics, body mass index, and uterine weights
are shown in Table 1. The largest recorded uterine weight
was 1490 g in the RH group, 1420 g for the TLH group,
410 g for the VH group and 780 g for the LAVH group. The
highest body mass index (BMI) was 51.6 in the RH group,
56.4 for the TLH group, 56.6 for the VH group, and 47.2
for the LAVH group. The BMI of patients was similarly
distributed among groups while the RH group had the
greatest proportion of cases with uterine weight � 500 g
(P � .007).

Surgical outcomes by hysterectomy type are shown in
Table 2. The RH surgery mean procedure duration was
25 min longer than the nonrobotic MIH time (P � .001).
Within the nonrobotic MIH group, the VH had the
shortest median duration, 98.5 min. The median length
of stay, 1 d, was the same between the RH and the MIH
groups, but the LAVH subgroup had the highest pro-
portion of patients staying more than 1 d (54.3%), and
the median length of stay was 2 d. Thus, the mean LOS
overall was longer for the MIH group (P � .02). The

highest blood loss was in the LAVH group: 2000 mL EBL
in 2 cases, 1000 mL, 700 mL, and 650 mL in 1 case each.
Hemorrhage during an LAVH was the cause for 1 out of
the 3 conversions to laparotomy in the MIH group.
There was no significant difference in blood transfusion
rates between the 2 groups. Six patients in the MIH
group received blood transfusions (3 in the LAVH
group and 3 in the VH group), while 3 patients in the
RH group received blood transfusions intraoperatively
or postoperatively. Two patients in the RH groups re-
ceived blood preoperatively secondary to preoperative
hemoglobin � 8.5. Hemoglobin change was 1.6g/dL in
the RH vs. 1.8g/dL in the MIH group. MIH patients had
a median 150 mL greater blood loss than RH patients
(P � .001). Hemoglobin change also supported this
finding for all subgroups (P � .02).

Complications and readmission rates are shown in Table 3.
There were 15 major complications in the RH group and
17 in the MIH group. Most major and minor complications
were in the LAVH group. The minor complications were

Table 1.
Demographic and Health Characteristics of Reported Cases

Robotic Nonrobotic TLH VH LAVH

n 135 162 46 34 82

Age, Median (Range) 45 (30–68) 45 (21–82) 44 (21–82) 49 (35–76) 45 (31–75)

P vs robotic 0.99 0.05 0.009 0.83

Race, n (% of total)

Black 83 (61.5) 94 (58.8) 23 (50) 19 (58) 52 (64)

White 50 (37.0) 57 (35.6) 20 (44) 13 (39) 24 (30)

Other 2 (1.5) 9 (5.6) 3 (7) 1 (3) 5 (6)

P for Chi square 0.17 0.12 0.79 0.12

BMI (kg/m2), n (% of total)

�18.5 3 (2.2) 1 (0.6) 1 (2) 0 0

18.5–25 28 (20.7) 38 (23.6) 10 (22) 9 (27) 19 (24)

25–29.9 34 (25.2) 45 (28.0) 13 (28) 12 (35) 20 (25)

30–34.9 34 (25.2) 37 (23.0) 9 (20) 7 (21) 21 (26)

35� 36 (26.7) 40 (24.8) 13 (28) 6 (18) 21 (26)

P for Chi square 0.71 0.96 0.51 0.74

Uterine size (g), n (% of total)

�250 87 (65.4) 112 (74) 31 (69) 28 (87.5) 54 (72)

250–500 28 (21.1) 34 (22) 10 (22) 4 (12.5) 20 (26.7)

�500 18 (13.5) 6 (4.0) 4 (9) 0 1 (1.3)

P for Chi square 0.007 0.72 0.03 0.01

aTLH � total laparoscopic hysterectomy; VH � vaginal hysterectomy; LAVH � laparoscopic-assisted vaginal hysterectomy.
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more prevalent in the MIH group and mostly consisted of
vaginal cuff issues such as granulation, minor bleeding, or
cellulitis, which comprised 20 of the minor complications.
In the robotic hysterectomy group, only 7 patients were
found to have these types of vaginal cuff complications.
Major complications included recognized cystotomy, port-
site herniation, pelvic abscess, postoperative ileus, and
pulmonary embolism. Major complications and complica-
tion rates did not differ between the robotic or nonrobotic
group. Other than vaginal cuff complaints, minor compli-
cations were highly varied and included vulvar laceration,
labial burns, urinary tract infection, or urinary retention,
but there was no difference between groups.

DISCUSSION

With the increasing utilization of robotic technology for
minimally invasive surgical techniques, the outcomes of
this approach must be compared to other approaches to
assess feasibility. The focus of this study was on minimally
invasive surgical approaches for benign hysterectomy at a
large institution. Such analyses will help better define the
role of this new approach to hysterectomy. The advan-
tages of the minimally invasive approach to hysterectomy
as compared to laparotomy are well known; however,
many approaches to minimally invasive hysterectomy ex-
ist including the most recent addition of the robotic ap-

Table 2.
Surgical Outcomes by Hysterectomy Type

Robotic Non-Robotic TLHa VHa LAVHa

Procedure Duration N�133 N�157 N�45 N�32 N�80

Median in minutes (Range) 169 (80–625) 144 (29–398) 194 (103–386) 98.5 (29–286) 144 (67–398)

P vs Robotic 0.0002 0.59 �0.001 0.001

Estimated Blood Loss N�135 N�165 N�46 N�34 N�82

Median in mL (Range) 50 (10–1000) 200 (25–2000) 150 (25–700) 150 (50–9000) 250 (75–2000)

P vs Robotic �0.001 �0.001 �0.001 �0.001

Hemoglobin Change N�130 N�154 N�45 N�32 N�77

Median in g/dL (Range) �1.6 (�4.4 �0.9) �1.8 (�5.8 �1.0) �1.7 (�4.2�.5) �1.6 (�3.9 �0) �2.1 (�5.8 �1.0)

P vs Robotic 0.02 0.52 0.81 0.0008

Length of Stay N�135 N�162 N�46 N�46 N�34

Median in days [n, (% �1 day)] 1, 44 (32.6) 1, 74 (46.3) 1, 20 (44.4) 1, 10 (29.4) 1, 44 (54.3)

P vs Robotic 0.02 0.15 0.72 0.002

aTLH � total laparoscopic hysterectomy; VH � vaginal hysterectomy; LAVH � laparoscopic-assisted vaginal hysterectomy.

Table 3.
Statistical Correlations Between Hysterectomy Method and Complications

Robotic Non-Robotic TLHb VHb LAVHb

Readmissions (n, %) 12 (9.0) 7 (4.3) 3 (6.5) 1 (3.0) 3 (3.7)

P for Chi square 0.10 0.60 0.24 0.13

Major Complicationsa (n, %) 15 (11.1) 17 (10.5) 6 (13.0) 2 (5.9) 9 (11.0)

P for Chi square 0.86 0.72 0.37 0.98

Minor Complicationsa (n, %) 12 (8.9) 35 (21.6) 9 (19.6) 10 (29.4) 16 (19.5)

P for Chi square 0.003 0.05 0.002 0.02

aMajor Complication was defined as any visceral injury, or complication that caused prolonged hospital stay, re-admission, or
re-operation; Minor Complication was defined as any complaint that required evaluation and treatment.
bTLH � total laparoscopic hysterectomy; VH � vaginal hysterectomy; LAVH � laparoscopic-assisted vaginal hysterectomy.
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proach, which needs to be reviewed in comparison stud-
ies. Experience with vaginal hysterectomy is limited in
most obstetrics and gynecology training institutions in the
United States, thus it was not available to most patients
who do not have small and descendant uteri. Laparo-
scopic assistance helped in overcoming some of the bar-
riers to performing hysterectomies without laparotomy,
but this approach came with another barrier, which is a
slow learning curve. The improved vision and enhanced
instrumentation of the da Vinci system helped simplify the
laparoscopic approach, making it more available to a
wider range of patients by assisting surgeons to overcome
their limitations.12–14

Our analysis of 297 patients demonstrates comparable
surgical outcomes between patients undergoing robotic
hysterectomy versus other types of minimally invasive
hysterectomy with some interesting findings. Similarly, a
Swiss case-control study that compared robotic-assisted
laparoscopic hysterectomy with total laparoscopic hyster-
ectomy and found no significant differences between the
2 groups regarding complications, conversions to laparot-
omy, intraoperative bleeding, and hospital stay.15 Another
study by Shashoua et al.16 with the same comparison
reported that robotic TLH was associated with a shorter
hospital stay and decrease in narcotic but did show a
difference in EBL and drop in hemoglobin. The operative
time in RH was longer but was associated with the need
for laparoscopic morcellation, BMI, and uterine weight.

When comparing patients who had robotic hysterectomy
to those undergoing other minimally invasive hysterec-
tomy procedures in our institution, both groups of pa-
tients were similar in demographics and had similar body
mass index measures and outcomes. However, women
who underwent robotic hysterectomy had statistically sig-
nificantly larger uteri, with a larger proportion of patients
with uteri � 500 g. Several other studies have discussed
the advantages of the robotic approach in complex hys-
terectomy and in hysterectomy for patients with larger
uterine weight.10,17,18 These studies have also shown that
the robotic approach allows for completion of TLH with
robotic assistance in patients with large BMI, thus suggest-
ing a possible advantage to the robotic approach in these
more complex procedures.19

In our cohort, all attempted robotic hysterectomy proce-
dures were successfully completed in obese patients and
in patients with very large uteri. The 2 conversions oc-
curred for suspicion of malignancy and equipment failure.
Comparatively, the 3 conversions in the nonrobotic MIH
group occurred because of intraoperative uncontrollable

bleeding in a patient with a large uterus, failure to gain
intraperitoneal access, and secondary to obesity (BMI �
53), and inability to remove a uterus vaginally secondary
to size of the uterus. In one of the pivotal studies by Payne
et al.7 comparing robotic hysterectomy to total laparo-
scopic hysterectomy after introduction of this new tech-
nique in their institution, also showed that the introduc-
tion of the robotic approach reduced the conversion rate.

There has been concern about prolonged operative times
related to robotic hysterectomy procedures, especially
early in the learning curve.12,13,20 Despite the fact that the
robotic hysterectomy procedures in this study included
those within the learning curve of the surgeons who were
trained in the procedure, overall operative time was only
25 min longer than all other nonrobotic MIH procedures
combined and was actually 25 min shorter compared to
time for total laparoscopic hysterectomy procedures
alone. This contradicts a few other comparisons that re-
ported longer operative time for robotic-assisted versus
laparoscopic TLH.16,20,22 Thus, the procedures that led to
reduced operative time were those that included the vag-
inal approach in the technique.

Several studies7,8,21,23,24 have commented on the low esti-
mated blood loss associated with robotic hysterectomy
procedures, and this can be attributed to the better vision
and easier dissection allowing the avoidance of bleed-
ing.7,8,21,23,24 In our study, estimated blood loss was also
less in robotic hysterectomy compared to other types of
hysterectomy, and this was statistically significant. This
held true for all subgroups as well and was supported by
a statistically significant difference in change in hemoglo-
bin. A 100 mL decreased estimated blood loss may not be
clinically significant but can reflect a general tendency to
less potential for excessive bleeding with the robotic ap-
proach. Hospital stays overall were also shorter for robotic
hysterectomy compared to vaginal and LAVH procedures,
although this was only statistically significant when com-
pared to LAVH procedures that tended to have 2-d long
hospital stays in our institution. Hospital stay can reflect
recovery and return to normal activities and thus does
indirectly reflect the morbidity of a surgical procedure.
However, it is also affected by surgeon and institutional
experience as well as postoperative nursing care. Because
all the procedures included in this study were performed
at the same institution, we can consider this as a method
of comparing our patients’ recovery.

With any minimally invasive procedure, especially when
newer techniques are being introduced there is always
concern about increasing complications compared to the
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traditional approaches to surgery. In our comparison, in-
terestingly, a higher percentage of minor complications,
the largest estimated blood loss, and most transfusions
were in the LAVH group. LAVH originated to complete
hysterectomies vaginally as opposed to performing a hys-
terectomy through an abdominal incision in patients
where the vaginal approach alone was not sufficient.
Major complication rates were however stable across all
groups. MIH patients had a statistically significant in-
creased number of minor complications, but not major
complications, compared to RH patients. Most common
minor complications were related to vaginal cuff issues,
which had been reported more in robotic hysterectomy
procedures in other studies, especially in early reports of
robotic hysterectomy.25 Interestingly, even this type of
complication was much more common in the nonrobotic
group compared to the robotic group.

One strength of this study is its generalizability based on
a wide demographic in both groups of patients and a large
sample size. Since the analysis included general experi-
ence at both a suburban and inner city population by all
the gynecologists at both hospitals, the data may reflect
outcomes that may be more typical in the community
setting, rather than those reported by expert surgeons.
Robotic hysterectomy was compared to multiple other
minimally invasive hysterectomy methods, and to our
knowledge, this has not been compared previously in one
institution. Our combined inpatient and outpatient Elec-
tronic Medical Record system provided us with a compre-
hensive review of the patients’ experience allowing us to
capture even the mildest adverse effects. The largest lim-
itation of our study is the retrospective study design, as
this does not allow control for either surgeon experience
or selection bias. Thus, selection of hysterectomy method
was left to surgeon preference rather than randomization
or criterion for assignment, which thus may not control for
confounders. Also, the cases were managed by a surgeon
whose experience ranged from resident to seasoned se-
nior staff, and thus there was variable surgeon experience.
Controlling for surgeon decision-making and surgical ex-
perience requires a prospective study with a limited pool
of surgeons who explain their recommendation and per-
form all the types of hysterectomy studied. However,
reports of institutional experience are valuable in that they
reflect the real world application of these methods of
surgery.

Robotic hysterectomy was found to have comparable out-
comes to other methods of minimally invasive hysterec-
tomy without increased risk of conversion or complica-
tions. Although procedure duration is slightly increased

(25 min) for RH compared to MIH procedures with a
vaginal approach, estimated blood loss and minor com-
plication rates may be decreased, and the benefit of short
length of hospital stay is maintained or improved. These
data also suggest that the robotic approach may allow
surgeons to overcome conversions associated with obe-
sity or extremely large uteri, but additional data are re-
quired to assess this further. However, it is evident that
robotic hysterectomy is an acceptable and safe option that
may serve as an alternative method in some patients
desiring a minimally invasive approach to hysterectomy.
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